4-Substituted 1-(4-methoxyphenyl)pyrrolidin-2-ones containing azole, diazole, oxadiazole, thiadiazole, and triazole fragments have been synthesized, and the characterization of the obtained products is presented. The study compounds have been analyzed for antioxidant and antibacterial activities. Two types of hetero systems -5-thioxo-4,5-dihydro-1,3,4-oxadiazole and [1,2,4]triazolo [3,4-b][1,3,4]thiadiazine -showed a moderate activity against Rhizobium radiobacter, Xanthomonas campestris, and Escherichia coli microorganisms. Some compounds were tested for their antioxidant activity.
Introduction
Among azoles, many biologically active compounds are known. Synthetic azole derivatives possess antituberculous [1] , antifungal [2] [3] [4] , and antimicrobial [5] [6] [7] activity. They also may be used as crop protectors [8, 9] . The 1,3,4-oxadiazole compounds often display antifungal, herbicidal [10] , and insecticidal [11, 12] effects. 1,2,4-Triazoles have attracted particular attention due to the wide range of their biological properties such as antibacterial and antifungal [13] [14] [15] [16] , anticancerantitumour [17] , antidepressant [18] . Strains of the Rhizobium species (formerly Agrobacterium, which was reclassified based on 16S rDNA analyses) are aerobic, motile, oxidase-positive, and non-spore-forming gramnegative bacilli. Among the species of Rhizobium (i. e. R. radiobacter, R. rhizogenes, R. rubi, R. undicola, and R. vitis), R. radiobacter is the species that most commonly causes disease in humans. Since the first case of human infection with R. radiobacter in a patient with prosthetic aortic valve endocarditis was reported in 1980, R. radiobacter has been recognized as an opportunistic human pathogen. Most of patients with R. radiobacter infection have debilitating underlying diseases [19] . Bacteria belonging to the genus Xanthomonas are one of the most omnipresent groups of Gram-negative plant pathogenic bacteria and cause a variety of diseases in multiple plants [20] . Xanthomonas campestris pv. campestris (Xcc), the cause of black rot of crucifers, is a seed-borne bacterium which occurs worldwide [21] . Antioxidants are extensively studied for their capacity to protect an organism and cell from damage induced by oxidative stress. Scientists in many different disciplines have become more interested in new compounds, either synthesized or obtained from natural sources that could provide active components to prevent or reduce the impact of oxidative stress on a cell [22] .
As a continuation of our interest in the synthesis and application of new azole derivatives [23] [24] [25] the title compounds with O, S, and N heteroatoms were synthesized.
Results and discussion

Chemistry
The pathway of synthesis of the new 1,4-disubstituted pyrrolidinones is shown in Scheme 1 (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) and .
In this work, functionalized pyrrole and pyrazole derivatives 2, 3 were prepared by refluxing a mixture of the carbohydrazide 1 with diketones -2,5-hexanedione or 2,4-pentanedione in 2-propanol in the presence of the catalytic amount of hydrochloric or acetic acids. The obtained products were identified from the characteristic proton resonances of two CH3 groups of the pyrrole ring at 2.00 ppm and signal at 5.66 ppm, attributed to the CH groups of compound 2, whereas, the ones at 2.19 ppm, 2.48 ppm (CH3 groups), and 6.11 ppm (CH group) in the 1 H NMR spectrum of compound 3 confirmed the formation of a pyrazole ring. Refluxing of hydrazide 1 in the excess of triethyl orthoformate, in the presence of ptoluenesulfonic acid for 20 hours, gave 2-substituted oxadiazole 5, and the shortening of the reaction time to about 1 minute allowed us to isolate the hydrazone-type intermediate 4. The NMR spectra of compound 4 exhibit four sets of resonances; therefore, four different spatial states may exist in the DMSO-d6 solution. N-Phenylhydrazinecarboxamide 6 and Nphenylhydrazinecarbothioamide 7 were synthesized by the interaction of the hydrazide 1 with phenyliso-and phenylisothiocianates in methanol. These compounds were used for the synthesis of heterocycles 8-11. It was found that intramolecular heterocyclization of thiosemicarbazide 7 in acidic conditions led to the formation of 1,3,4-thiadiazole 8, while under the basic conditions 1,2,4-triazoles 10 and 11 were obtained from compounds 6, 7. The conversion of semicarbazides 5, 6 was carried out by refluxing them in a 2  aqueous NaOH solution with the subsequent acidification of the reaction mixture with acetic acid. The singlets at 11.87 ppm and 13.86 ppm have been ascribed to protons of the NH groups of 1,2,4-triazoles 10, 11 in the 1 H NMR spectra. The resonances at 147.3 ppm and 152.8 ppm have been assigned to CN, and the ones at 155.9 ppm and 170.5 ppm have been attributed to CO and CS carbon atoms, respectively, of the 5-membered heterocycle moiety of compounds 10, 11 in 13 C NMR spectra.
Scheme 1. Synthesis of azoles 2-13
4-[(4-Methoxyphenyl)amino]-3-(4-phenyl-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-3-yl)butanoic acid (9) was synthesized from thiosemicarbazide 7 by cleaving the pyrrolidinone ring with a 20 % NaOH solution under reflux. The same triazole cycle formation took place. Heating this compound in a 10 % HCI solution lead to the formation of triazole 11. The proton resonance of the NH group at 5.48 ppm in 1 H NMR spectrum confirmed the existence of an open chain in compound 9. Compounds 12, 13 with dioxodihydropyrrolylic fragments were synthesized from hydrazide 1 and maleic or phthalic anhydride respectively. The reactions were carried out at reflux in 1,4-dioxane or acetic acid.
One of the ways to obtain oxadiazole and triazole heterosystems is their synthesis from dithiocarbazates. For the synthesis of oxadiazole and triazole derivatives, hydrazide 1 was heated with carbon disulfide in methanol in the presence of potassium hydroxide. Upon refluxing, the formed potassium dithiocarbazate 14 was dissolved in water, and subsequent acidification of the reaction mixture with diluted hydrochloric acid to pH 1 gave 1-(4-methoxyphenyl)-4-(4,5-dihydro-5-thioxo-1,3,4-oxadiazol-2-yl)pyrrolidin-2-one (15 
Biology
Results of DPPH scavenging activity screening. The antioxidative activity of the synthesized compounds was evaluated by the 2,2-diphenyl-1-(2,4,6-trinitrophenyl)hydrazyl (DPPH) radical scavenging method. The effect of antioxidants on DPPH radical scavenging has been thought to be due to their hydrogen donating ability. The decrease in absorbance of the DPPH radical was caused by antioxidants because of the reaction between antioxidant molecules and the radical.
Fig. 1. DPPH scavenging activity
As seen from the results presented in Fig. 1 , compound 15 showed a very high DPPH scavenging ability (92 %). Compounds 7 and 11 also showed an approx. 61 % scavenging action. Antioxidative activity of compounds 8, 16, 17, and 20 was moderate.
Results of antibacterial activity screening. The synthesized compounds 2-5, 9, 11-13, and 15-23 were evaluated for their antibacterial activity against R. radiobacter, Xanthomonas campestris, Escherichia coli strains by using the diffusion technique. The activity of the tested compounds were compared with that of the known antibacterial agent ampicillin. R. radiobacter was sensitive to compounds 21-23 (1000 µg/ml), however it was the most sensitive to compound 15 (concentrations 300-1000 µg/ml). E. coli was sensitive to compounds 21 and 22 (1000 µg/ml) and X. campestris -to compound 22 (1000 µg/ml). Both microbial strains were most sensitive to compound 15 (concentrations 300-1000 µg/ml).
The research presented herein has demonstrated that among all the compounds tested, compounds with 5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-yl-and 6-phenyl-7H- [1, 2, 4] triazolo [3,4-b] [1, 3, 4] thiadiazin-3-yl substituents possess the highest antibacterial activity. The highest antibacterial activity was shown by 1-(4-methoxyphenyl)-4-(4,5-dihydro-5-thioxo-1,3,4-oxadiazol-2-yl)pyrrolidin-2-one (15). Based on these experiments, the antibacterial activity of the investigated compounds may be arranged in the following order:
15>22>23>21
Increasing antibacterial activity against Rhizobium radiobacter
As seen from the comparison of the antibacterial data for 21-23 series compounds, the introduction of substituents in the benzene ring has increased the antibacterial effect.
Experimental section
Chemistry
The starting materials and solvents were obtained from Sigma-Aldrich Chemie GmbH (Germany) and Fluka (Switzerland) and were used without further purification. The methods used to follow the reactions were TLC and NMR. The NMR spectra were recorded on a Varian Unity Inova (300 MHz) spectrometer (Varian, Inc., USA). Chemical shifts are expressed as , ppm relative to TMS. IR spectra (, cm -1 ) were recorded on a Perkin-Elmer BX FT-IR spectrometer (Perkin-Elmer Inc., USA) using KBr tablets. Mass spectra were obtained on a Waters ZQ 2000 spectrometer (Waters, Germany) using the atmospheric pressure chemical ionization (APCI) mode and operating at 25 V. Elemental analyses were performed on a CE-440 elemental analyzer (Exeter Analytical Inc., USA). Melting points were determined on a B-540 Melting Point Analyzer (Büchi Corporation, USA) and are uncorrected. TLC was performed using Merck, Silica gel 60 F254 (Kieselgel 60 F254) silica gel plates.
N-(2,5-Dimethyl-1H-pyrrol-1-yl)-1-(4-methoxyphenyl)-5-oxopyrrolidine-3-carboxamide (2).
A mixture of the hydrazide 1 (2.50 g, 10 mmol), 2,5-hexanedione (2.28 g, 20 mmol), glacial acetic acid (1 ml) and 2-propanol (15 ml) was refluxed for 3 h, the solvent was separated under reduced pressure, the residue was diluted with water (50 ml), and the solution was heated to a gentle boil. The precipitate formed upon cooling the reaction mixture was filtered off, washed with water, dried and recrystallized from 2-propanol to give 2 (3.10 g, 95 %) as a brownish solid. M.p. 147-148 ºC (2-propanol) .
IR ( 
4-[(3,5-Dimethyl-1H-pyrazol-1-yl)carbonyl]-1-(4-methoxyphenyl)pyrrolidin-2-one (3).
A mixture of hydrazide 1 (2.50 g, 10 mmol), 2,4-pentanedione (2.00 g, 20 mmol), 2-propanol (15 ml) and conc. hydrochloric acid (0.5 ml) was heated under reflux for 2 h, the solvent was separated under reduced pressure, the residue was diluted with water (50 ml), and the solution was heated to a gentle boil. Upon cooling the reaction mixture, the precipitate was filtered off, washed with water, dried and crystallized from a mixture of 2-propanol and water (2:1) to give 3 (2.32 g, 74 %) as a white solid. M.p. 94-95 ºC (2-propanol and water).
IR 
1-(4-Methoxyphenyl)-4-(1,3,4-oxadiazol-2-yl)pyrrolidin-2-one (5).
A mixture of the hydrazide 1 (2.50 g, 10 mmol), ethyl orthoformate (11.86 g, 80 mmol) and p-toluenesulfonic acid (0.1 g, 0.6 mmol) was heated under reflux for 20 h and then cooled down. The formed residue was filtered off, washed with water, dried, and crystallized from ethanol to give 5 (2.20 g, 85 %) as a white solid. M.p. 135-136 ºC (from ethanol) in the literature [26] m.p. 133-134 ºC (from 2-propanol).
2-{[1-(4-Methoxyphenyl)-5-oxopyrrolidin-3-yl]carbonyl}-N-phenylhydrazinecarboxamide (6).
A mixture of hydrazide 1 (3.74 g, 15 mmol), phenyl isocyanate (2.02 g, 17 mmol) and methanol (20 ml) was stirred for 2 h at room temperature. The precipitate was filtered off, washed with methanol and water, crystallized from 1,4-dioxane to give 6 (4.42 g, 80 %) as a white solid. M.p. 157 ºC (from 1,4-dioxane decomp. 
2-{[1-(4-Methoxyphenyl)-5-oxopyrrolidin-3-yl]carbonyl}-N-phenylhydrazinecarbothioamide (7)
. A mixture of the hydrazide 1 (4.98 g, 20 mmol), phenyl isothiocyanate (2.70 g, 20 mmol) and methanol (40 ml) was refluxed for 1 h and then cooled down. The precipitate was filtered off, washed with methanol, crystallized from 1,4-dioxane to give 7 (5.80 g, 75
1-(4-Methoxyphenyl)-4-[5-(phenylamino)-1,3,4-thiadiazol-2-yl]pyrrolidin-2-one (8).
A mixture of thiosemicarbazide 7 (0.54 g, 1.4 mmol) and sulphuric acid (1 ml) was stirred at room temperature for 1 h. Then 2 % aqueous Na2CO3 solution was added to the reaction mixture to pH 10. The formed residue was filtered off, washed with water and dried, crystallized from 1,4-dioxane to give 8 (0.46 g, 90 %) a white solid. thioxo-4,5-dihydro-1H-1,2,4-triazol-3-yl) butanoic acid (9). A mixture of thiosemicarbazide 7 (1.00 g, 2.6 mmol) and 20 % sodium hydroxide solution (25 ml) was heated under reflux for 3 h and then cooled down. Then the reaction mixture was acidified with acetic acid to pH 7, the formed residue was filtered off, washed with water and dried to give 9 (0.30 g, 30 %) as a white solid. M.p.
4-[(4-Methoxyphenyl)amino]-3-(4-phenyl-5-
139-140 ºC (2-propanol).
IR (KBr, cm phenyl-2,4-dihydro-3H-1,2,4-triazol-3-one (10) . A mixture of semicarbazide 6 (1.00 g, 2.7 mol) and 25 ml of 2 % aqueous NaOH solution was heated under reflux for 3 h, cooled and acidified with 10 % hydrochloric acid to pH 2. The formed residue was filtered off, washed with water and dried, crystallized from 1,4-dioxane to give 10 (0.58 g, 61 %) as a white solid. M.p. 174-175 ºC ( 
5-[1-(4-Methoxyphenyl)-5-oxopyrrolidin-3-yl]-4-
1-(4-Methoxyphenyl)-4-(4-phenyl-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-3-yl)pyrrolidin-2-one (11).
Method A. A mixture of thiosemicarbazide 7 (1.00 g, 2.6 mol) and 25 ml of 2 % aqueous NaOH solution was heated under reflux for 3 h, cooled and acidified with 10 % HCl to pH 2. The formed residue was filtered off, washed with water and dried, crystallized from methanol to give 11 (0.80 g, 84 %) as a white solid. M.p. 267-268 ºC (methanol).
Method B. A mixture of the compound 9 (0.38 g, 1 mmol), 10 % HCl (7 ml) was heated to boiling and then cooled down. The formed residue was filtered off, washed with water and dried, crystallized from methanol to give 11 (0.33 g, 90 %) as a white solid.
IR (KBr, cm 
N-(1,3-Dioxo-1,3-dihydro-2H-isoindol-2-yl)-1-(4-methoxyphenyl)-5-oxopyrrolidine-3-carboxamide (13).
A mixture of the hydrazide 1 (1.0 g, 4 mmol), phthalic anhydride (0.59 g, 4 mmol), and glacial acetic acid (5 ml) was heated under reflux for 24 h. The mixture was filtered off, the filtrate was diluted with water (5 ml), and the formed residue was filtered off, washed with water, crystallized from 2-propanol to give 13 (0.65 g, 43 %) as a white solid. M.p. 181-182 ºC (2-propanol 
1-(4-Methoxyphenyl)-4-(5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-yl)pyrrolidin-2-one (15).
A mixture of the hydrazide 1 (7.48 g 30 mmol), potassium hydroxide (5.22 g, 93 mmol), carbon disulphide (4.26 g, 56 mmol) and methanol (65 ml) was refluxed for 24 h, cooled down to room temperature, acidified with hydrochloric acid 10 % to pH 1. 
4-(4-Amino-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-3-yl)-1-(4-methoxyphenyl)pyrrolidin-2-one (16).
Method A. A mixture of the hydrazide 1 (7.48 g 30 mmol), potassium hydroxide (5.23 g, 93 mmol), carbon disulphide (4.29 g, 56 mmol), and methanol (65 ml) was refluxed for 24 h, cooled down to room temperature, and diethyl ether (45 ml) was poured into the reaction mixture. The precipitate was filtered off, washed with diethyl ether (350 ml) and dried. A mixture of the obtained dry solid, hydrazine hydrate (4.50 g, 90 mmol) and water (10 ml) was refluxed for 8 h. Then the mixture was cooled down to room temperature, neutralized with acetic acid to pH 7, the formed precipitate of the residue was filtered off, washed with water, dried, and crystallized from ethanol to give 16 (4.60 g, 50 %). Then the filtrate was acidified with 10 % hydrochloric acid to pH 1 to give compound 15 (2.43 g, 28 %) (Specification iv in Scheme 2).
Method B. A mixture of the compound 15 (3.00 g, 14 mmol), hydrazine hydrate (2.05 g, 40 mmol) and water (10 ml) was refluxed for 24 h, then cooled down, acidified with acetic acid to pH 6. The precipitate was filtered off, washed with water, dried, and crystallized from ethanol to give 16 (3. 
General synthetic procedure of 4-{4-[aryl substituted amino]-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-3-yl}-1-(4-methoxyphenyl)pyrrolidin-2-ones (17, 18).
A mixture of aminotriazole (0.50 g, 1.6 mmol), the corresponding benzaldehyde (1.76 mmol), 2-propanol (10 ml) and hydrochloric acid (2 drops) was refluxed for 8 h and cooled down. The precipitate was filtered off, washed with water, dried, and crystallized from 1,4-dioxane to give 17 or 18. 5-thioxo-4,5-dihydro-1H-1,2,4-triazol-3-yl}-1-(4-methoxyphenyl) [4-(2,5-Dimethyl-1H-pyrrol-1-yl)-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-3-yl]-1-(4-methoxyphenyl)pyrrolidin-2-one (20) . A mixture of the aminotriazole 16 (1.00 g, 3.3 mmol), 2,5-hexanedione (0.57 g, 5 mmol), ethanol (10 ml), and hydrochloric acid (2 drops) was refluxed for 7 h and cooled down. The precipitate was filtered off, washed with water, dried, and crystallized from 1,4-dioxane to give 20 (1.06 g, 84 %) as a white solid. M.p. 201-202 ºC (1,4-dioxane 
4-{4-[Benzylideneamino]-
4-
Biology
Method for determination of antioxidant activity. The free radical scavenging activity of the compounds was measured by the widely used DPPH method [27] . Briefly, 1 cm 3 of a 1 mM solution of DPPH in ethanol was added to the solutions of tested compounds (1 mg cm -3 in DMSO). The mixture was shaken vigorously and allowed to stand at room temperature for 20 min. Afterwards, the absorbance was measured at 517 nm in a spectrophotometer (UV-200-RS). The lower absorbance of the reaction mixture indicated a higher free radical scavenging activity. The capability to scavenge the DPPH radical was calculated according to the following equation: DPPH scavenging effect % = (A0-A1/A0)100, where A0 is the absorbance of the control reaction, and A1 is the absorbance in the presence of the samples.
Microbiology. The antibacterial activity was tested by using the disk diffusion technique. The microbial strains R. radiobacter, X. campestris, and E.coli were commercially available from the German Collection of Microorganisms and Cell Cultures (DSMZ). The zone of inhibition of bacterial growth was investigated. The main solutions (1 mg/cm 3 ) of the synthesized compounds were prepared in DMSO and diluted to different concentrations (250, 300, 400, 450, 500, 750, 1,000 µg/cm 3 ) with DMSO. Cultures of R. radiobacter, X. campestris, and E. coli were cultivated in Petri dishes for 24 h at 37 °C on the Luria-Bertani (LB) agar medium. A bacterial suspension was prepared from cultivated bacterial cultures, and 50 mm 3 of the inoculum containing bacterial cells (10 8 CFU/cm 3 ) was spread over the LB agar medium. Filter paper disks were prepared by adding 25 mm 3 of each compound solution and then placed on the LB agar medium. Ampicillin was used as the positive control.
Conclusions
A variety of 4-substituted 1-(4-metoxyphenyl)pyrrolidin-2-ones containing azole, diazole, oxadiazole, thiadiazole, and triazole fragments were synthesized from 1-(metoxyphenyl)-5-oxopyrrolidine-3-carbohydrazide by condensation reactions or by the modification of the obtained compounds. All structures of the new compounds described here have been confirmed by the synthetic, analytical, and spectroscopic data. All compounds were screened for antibacterial activity and only two types of hetero systems -5-thioxo-4,5-dihydro-1,3,4-oxadiazole and [1, 2, 4] triazolo [3,4-b] [1, 3, 4] thiadiazine -showed a moderate activity against R. radiobacter, X. campestris, and E. coli microorganisms. Some compounds were tested for their antioxidant activity. The best activity was shown by 1-(4-methoxyphenyl)-4-(4,5-dihydro-5-thioxo-1,3,4-oxadiazol-2-yl)pyrrolidin-2-one, whereas the displacement of the oxygen atom by the nitrogen one in the 1,3,4-oxadiazole ring decreased the antioxidant activity.
4-PAKEISTŲJŲ 1-(4-METOKSIFENIL)PIROLIDIN-2-ONŲ SINTEZĖ IR ANTIBAKTERINIS BEI ANTIOKSIDACINIS AKTYVUMAS
S a n t r a u k a Ištyrus keleto susintetintų junginių antioksidacines savybes, nustatyta, kad labiausiai oksidacinius procesus slopino 1-(4-metoksifenil)-4-(4,5-dihidro-5-tiokso-1,3,4-oksadiazol-2-il)pirolidin-2-onas, deguonies atomą 1,3,4-oksadiazolo žiede pakeitus azoto atomu, junginio antioksidacinis poveikis sumažėjo.
